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ABSTRACT OF THE DISCLOSURE 
[[A]] In a method for heating up the intake air of an internal combustion 
engine [[(8)]] during the preglow phase or start-up phaoo by moano of at loaot 
ono olootrioally hoatablo hoating olomont (12) in tho intake lino (10) of tho 
internal oombuotion ongino phase , the heating power [[being]] is controlled by 
a control unit [[(13)]] of the engine electronics as a function of the operating 
data of the internal combustion ongino, charactoriaod — in that during engine. 
During the preglow phase (1,2,3) , the heating element [[(12)]] is initially 
supplied with full current [[(1)]] until the heating element reaches its 
reference tomporaturo and in that after temperature. After the reference 
temperature has been reached and until the start-up phase, a post-heating 
phase [[(2,3)]] begins in which the heating element [[(12)]] is kept at a 

constant temperature by [[means]] way of a relatively low powor, and in 

that during power. During the start-up phase, in a first time period [[(4a)]], 
the heating element [[(12)]] is switched off, and in that in a second time 
period [[(4b)]] in which the speed of the internal combustion engine is raised 
to the starting speed, the heating element [[(12)]] is switched on again. 
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Control of an electrically heated pro - heating device 
- for cold - otarting internal combustion cnginco 

CONTROL OF AN ELECTRICALLY HEATED PRE-HEATING DEVICE 
FOR COLD-STARTING INTERNAL COMBUSTION ENGINES 



BACKGROUND AND SUMMARY OF THE INVENTION 

[ [The] ] This invention relates to a method for heating 
up the intake air, in particular for an internal 
combustion engine in the start-up or warm-up phaoo / — e-# 
tke — type — defined — ±n — more — detail — aen — feke — preamble — 
claim 1 phase . 

Heating up the intake air in internal combustion 
engines, in particular in diesel engines in the start- 
up and warm-up [ [phase] ] phases , is necessary for 
several reasons. At low ambient air temperatures and 
consequently at low intake air temperatures, an 
insufficient post-compression temperature and hence an 
increasing ignition delay occur, in diesel engines in 
particular, so that 4=s — fee — &ay the period between the 
fuel entering the combustion space and igniting becomes 
too long. In addition, local ovc r enr i chment over- 
enrichment , incomplete combustion and high pressure 
gradients occur at low intake temperatures as a result 
of sudden mixture conversion in the cylinder. The 
results are greatly increased hydrocarbon emissions in 
the exhaust gas, knocking of the diesel engine and the 
disadvantages resulting from this such as severe 
environmental pollution and increased loading of the 
powertrain parts. 



A heating flange for pre-heating air in an intake line 
which leads to a diesel internal combustion engine is 
known from the general prior art according to [ [the] ] 
German patent application DE 100 2 6 339 Al . It is also 
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known from [ [said] ] this document to actuate the 
heating element in the heating flange by means of a 
control unit. The controller in this case leaves the 
current in the heating unit at a constant value and the 
heating power introduced is determined solely by the 
switching-on time of the heating element. When the 
diesel engine is started, the heating flange or the 
heating element is switched off for a short period in 
order to make sufficient energy available for the 
starter from the vehicle electrical system. 

A generic method from which the invention proceeds is 
known from [ [the] ] German patent application DE 198 54 
077 Al . It is known L from the disclosure provided by 
this document , to assist the cold start of a diesel 
engine by means of an air pre-heater, the air being 
preheated by means of a preglow period and an afterglow 
period. The preglow period and the afterglow period are 
interrupted by the start process in which the diesel 
engine ramps up to starting speed after the starter is 
activated. During the start process, no energy is 
supplied to the heating flange. The heating flange is 
actuated by the engine electronics. Before starting, 
the preglow period and afterglow period are calculated 
in the engine electronics from the ambient data. The 
air temperature and the coolant temperature before the 
cold start are taken into account here. The preglow 
period and afterglow period are controlled here only in 
terms of time, that is to say there is no open-loop or 
closed-loop control of the current for the operation of 
the heating element in the intake pipe of the diesel 
engine . 



Today, modern direct injection diesel engines 
predominantly have [ [an] ] electronically controlled 
injection oyotom systems . Cold starting of 
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electronically controlled diesel engines is possible 
without difficulty down to ambient air temperatures of 
-15 °C. An additional measure, such as heating the 
intake air by means of a start assist device, is not 
necessary down to these temperatures. There are however 
numerous applications where even a modern diesel engine 
requires a cold start device, such as: 

• at temperatures below -15 °C, 

• at temperatures below 0 °C with fuels with a low 
cetane number, 

• in applications at altitudes over 1500 m above sea 
level and below 0 °C, 

• in applications with base load (hydraulic 
appliances, fixedly coupled drives) below 0 °C, 

• in special-purpose vehicles such as mobile cranes, 
compressors, piste-grooming units, or construction 
machinery in a temperature range below 0 °C. 

The combination of diesel engines with a hydraulic 
drive in piste-grooming units **a-s — proved — a- provides 
particularly extreme demand demands on the cold start 
capability capabilities of diesel engines . Since 
manufacturers of these units use increasingly high- 
powered direct injection diesel engines with a small 
swept volume which only deploy their full power at full 
charge air pressure, problems occur when cold starting 
in regions at relatively high altitude, since no charge 
air pressure is initially present. If such an engine is 
started at an altitude of for example 3000 m above sea 
level and at -15 °C, pre-heating devices known today 
are not sufficient unless the engine is brought up to 
operating temperature by the coolant temperature by 
means of a complex auxiliary heating system. For 
reasons of cost, complete pre-heating, which also 
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includes the drive unit, is only used in arctic 
applications . 

Proceeding from the abovementioned prior art, it is the 
object of the invention to improve the effect of 
existing cold start devices by means of improved 
actuation . 

This object is achieved by means — e# a method having the 

claimed features -&€ claim t. Further advantageous 

embodiments of the invention are contained — ana fcke 

subclaims defined in dependent claims and [[in]] 
apparent from the description of the figures. 

The solution invention succeeds primarily by means of 
variable power adaptation of the heating flange to the 
prevailing ambient conditions. The preglow phase is 
divided here into three phases, namely into one phase 
at full current, one post-heating phase and one start- 
readiness phase. In the post-heating phase, the heating 
elements of the "heating flange are operated in such a 
way that the heating flange is kept at a reference 
temperature. In the post-heating phase, a heat cushion 
is produced for the start process. After the two first 
preglow phases, the glow monitoring lamp goes out and^ 
by going out^ signals readiness to start. The start- 
readiness phase then follows. In order to prevent the 
heating elements from cooling during the start- 
readiness phase, the heating elements are operated at a 
further reduced power during the start-readiness phase. 
If the engine has not been started after a 
predetermined start-readiness period has expired, the 
heating elements are switched off. 

During the start process, heating of the heating flange 
is interrupted for a short period but only until the 
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first ignitions assist the running up of the engine to 
idling speed. As soon as the first ignitions begin, the 
starter is relieved of load and the vehicle electrical 
system energy which is available as a result of the 
relieving of load on the starter is used again to heat 
the heating elements of the heating flange. By means of 
the advanced post-heating phase, the temperature of the 
intake air is prevented from cooling down in the event 
of the engine turning for a long period. 

Mainly — the The following advantages are achieved by 
means of the invention : invention . 

The power-controlled preglow period is only one third 
of the length of the preglow period of conventional 
cold start methods. 

The afterglow is carried out according to the invention 
in a power-controlled manner as a function of the 
coolant temperature and the charge air temperature, the 
engine speed and the air mass. As a result, at an 
increased engine speed and an increased air flow rate 
in the afterglow phase, the electrical heating power 
can be adapted to the air flow rate so that the charge 
air temperature does not fall and the true running does 
not deteriorate even when the engine is cold. The 
diesel engine can be subjected to load earlier as a 
result of the adjustment of the heating power during 
the afterglow period. 

It was possible to considerably shorten the 
interruption of the heating power during the start 
process. The interruption of the heating power during 
the start process is now variably adjustable as the 
interruption is made dependent on the current engine 
speed. As a result, it is possible to extend the 
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afterglow phase further into the start-up phase as 
heating begins again when the first ignitions are 
indicated by an increase in the engine speed. The 
extent of post-heating is dependent here on the vehicle 
electrical system voltage. This advanced afterglow 
period gives better running up assistance to the diesel 
engine in reaching its idling speed and prevents the 
charge air temperature from falling in the event of a 
relatively long turnover period with the starter. 

The engine control unit is preferably used to actuate 
the heating flange. Information about the engine state 
(engine stationary, engine running, starter on, starter 
off) , the engine speed, the coolant temperature, the 
charge air temperature, the charge air pressure, the 
calculated air mass and the vehicle electrical system 
voltage can constantly be called by means of the engine 
electronics . By means of correction methods implemented 
in the engine electronics, the rising or falling charge 
pressure which has different effects at different 
altitudes can therefore also be taken into account in 
the cold start method according to the invention. The 
electrical power can also be corrected at high 
altitudes so that the engine can utilize to an optimum 
degree the low oxygen content which is present there . 
After the heating bands have initially been supplied 
with full current during the preglow period and after a 
reference temperature has been reached, the heating 
bands of the heating flange are kept at a constant 
operating temperature by means of reduced heating 
power. This conserves the battery and protects the 
heating bands from overloading. 

The cold start method according to the invention is 
suitable for engines having a swept volume of up to 16 
liters per heating flange. In corresponding 
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applications of control algorithms in engine 

electronics, the cold start method according to the 

invention can also be used for engines which operate 

with special fuels. These are L for example^ engines 
which operate with kerosene, biodiesel^_ etc. 

The invention will be described in more detail i« — fefee 
following with reference to the drawing figures. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

Figure 1 shows a basic profile of the vehicle 
electrical system voltage, the electrical power 
regulation, the charge air temperature, the engine 
speed and the actuation of the operating lamp as occurs 
in the cold start method according to the invention, 
and 

Figure 2 shows an internal combustion engine on which 
the cold start method of the invention can be used. 



DETAILED DESCRIPTION OF THE INVENTION 

During the preglow phase 1, 2, 3 between switching on 
the ignition and activation of the starter, the current 
supplied to the heating elements in the heating flange 
is variably controlled. During a first time period 1, 
the heating element is initially supplied with full 
current until the heating flange reaches a reference 
temperature. After the reference temperature has been 
reached, a post-heating phase 2 and a start-readiness 
phase 3 begin in which the heating power is controlled 
in such a way that the heating flange is kept at a 
constant temperature. The profile of the vehicle 
electrical system voltage shows a sharp drop during the 
supply of full current 1 but recovers markedly during 
the post-heating phase 2 and the start-readiness phase 
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3. During the preglow phase, no charge air is yet taken 
in and the engine is not yet turning. The start-up 
phase begins when the starter of the internal 
combustion engine is activated. In a first time period 
4a of the start-up phase, the speed of the internal 
combustion engine is determined exclusively by the 
speed of the starter. During this first phase of the 
start process, the engine speed therefore remains at 
the constant level of the speed effected by the 
starter. During this operating state, the heating power 
is interrupted such that as much energy is available as 
possible for the starter from the vehicle electrical 
system. The intake charge air is heated by the heated 
heating flange. A heat cushion was produced in the 
intake pipe of the internal combustion engine in the 
post-heating phase 2 so that in spite of the heating 
power being switched off, the intake charge air can be 
heated over a time period corresponding to the heat 
reservoir generated. As soon as the first ignitions of 
the internal combustion engine begin, these first 
ignitions assist the running up of the engine. In this 
second time period 4b of the start-up phase, the 
starter is progressively relieved of loading as the 
effectiveness of the ignitions which are beginning 
increases. The now relatively low current consumption 
of the starter brings about an increase in the vehicle 
electrical system voltage. This energy which is now 
available to the vehicle electrical system again can be 
used during the second time period 4b for the heating 
of the heating flange which is now recommencing. As a 
result, the running up of the internal combustion 
engine can be assisted during the second time period 4b 
from the first commencement of ignitions up to its 
idling speed as the intake charge air can be kept at as 
constant a temperature as possible even in the event of 
a relatively long turnover period of the starter by 
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means of the heating of the heating flange which is 
recommencing . 

The afterglow phase 5 begins after the idling speed is 
reached. In this phase, the internal combustion engine 
runs under its own power and heats up rapidly. As the 
heating of the coolant of the internal combustion 
engine increases, the heating power of the heating 
flange can be reduced progressively more in this 
afterglow phase. As a result, the vehicle electrical 
system voltage increases gradually. Should power be 
demanded of the internal combustion engine in this 
afterglow phase before the engine has reached the 
intended operating temperature, the intake charge air 
can thus, by means of the method according to the 
invention, be kept at a constant temperature by means 
of intensified additional heating during an increase in 
speed 6 of the internal combustion engine. The cold 
running phase ends as soon as the internal combustion 
engine or the coolant in the internal combustion engine 
has reached an intended operating temperature. The 
heating flange is then switched off. 

Figure 2 shows a basic illustration of a typical 
internal combustion engine as is known per se. The cold 
start method according to the invention can be used on 
an internal combustion engine of this type. An internal 
combustion engine, in particular a diesel engine 8 
having, for example, three combustion cylinders 9, 
takes in its air by means of an intake pipe 10. A 
heating flange 11 having heating elements 12 which 
project into the intake pipe 10 is arranged in the 
intake pipe 10. The power control and the supply of 
current to the heating elements is undertaken by a 
control unit, in particular an engine control unit, 13. 
In order to regulate the temperature level of the 
intake charge air, the control unit 13 -i-s — with receives 
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input from a temperature sensor 14 which measures the 
air temperature in the intake pipe downstream of the 
heating elements but before entry into the combustion 
cylinders. The starting process is initiated by the 
control unit 13 by activating a starter 15. The pinion 
of the starter 15 engages here in a gear wheel in a 
non-positive manner and in a manner known per se. The 
gear wheel is in turn connected in a non-positive 
manner to the crankshaft 16 of the internal combustion 
engine and turns the crankshaft when the starter is 
activated. The cold start method according to the 
invention can advantageously be used on an internal 
combustion engine of this type. 
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CONTROL OF AN ELECTRICALLY HEATED 
PRE HEATING DEVICE FOR COLD-STARTING 
INTERNAL COMBUSTION ENGINES 

* 

BACKGROUND AND SUMMARY OF THE INVENTION 

» 

[0001] This invention relates to a method for heating up the intake 
air, in particular for an internal combustion engine in the start-up or 
warm-up-phase. 

[0002] Heating up the intake air in internal combustion engines, in 
particular in diesel engines in the start-up and warm-up phases, is 
necessary for several reasons. At low ambient air temperatures and 
consequently at low intake air temperatures, an insufficient post- 
compression temperature and hence an increasing ignition delay occur, 
in diesel engines in particular, so that the period between the fuel 
entering the combustion space and igniting becomes too long. In 
addition, local over-enrichment, incomplete combustion and high 
pressure gradients occur at low intake temperatures as a result of 
sudden mixture conversion in the cylinder. The results are greatly 
increased hydrocarbon emissions in the exhaust gas, knocking of the 
diesel engine and the disadvantages resulting from this such as severe 
environmental pollution and increased loading of the powertrain parts. 
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[0003] A heating flange for pre-heating air in an intake line which 
leads to a diesel internal combustion engine is known from the general 
prior art according to German patent application DE 100 26 339 Al. It 
is also known from this document to actuate the heating element in the 
heating flange by means of a control unit. The controller in this case 
leaves the current in the heating unit at a constant value and the 
heating power introduced is determined solely by the switching-on time 
of the heating element. When the diesel engine is started, the heating 
flange or the heating element is switched off for a short period in order 
to make sufficient energy available for the starter from the vehicle 
electrical system. 

[0004] A generic method from which the invention proceeds is 
known from German patent application DE 198 54 077 Al. It is known, 
from the disclosure provided by this document, to assist the cold start of 
a diesel engine by means of an air pre-heater, the air being preheated 
by means of a preglow period and an afterglow period. The preglow 
period and the afterglow period are interrupted by the start process in 
which the diesel engine ramps up to starting speed after the starter is 
activated. During the start process, no energy is supplied to the heating 
flange. The heating flange is actuated by the engine electronics. Before 
starting, the preglow period and afterglow period are calculated in the 
engine electronics from the ambient data. The air temperature and the 
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coolant temperature before the cold start are taken into account here. 
The preglow period and afterglow period are controlled here only in 
terms of time, that is to say there is no open-loop or closed-loop control 
of the current for the operation of the heating element in the intake 
pipe of the diesel engine. 

[0005] Today, modern direct injection diesel engines predominantly 
have electronically controlled injection systems. Cold starting of 
electronically controlled diesel engines is possible without difficulty 
down to ambient air temperatures of -15 °C. An additional measure, 
such as heating the intake air by means of a start assist device, is not 
necessary down to these temperatures. There are however numerous 
applications where even a modern diesel engine requires a cold start 
device, such as: 

[0006] • at temperatures below -15 °C, 

[0007] • at temperatures below 0 °C with fuels with a low cetane 
number, 

[0008] • in applications at altitudes over 1500 m above sea level and 
below 0 °C, 

[0009] • in applications with base load (hydraulic appliances, fixedly 
coupled drives) below 0 °C, 
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[0010] • in special-purpose vehicles such as mobile cranes, 
compressors, piste-grooming units, or construction machinery in a 
temperature range below 0 °C. 

[0011] The combination of diesel engines with a hydraulic drive in 
piste-grooming units provides particularly extreme demands on the cold 
start capabilities of diesel engines. Since manufacturers of these units 
use increasingly high-powered direct injection diesel engines with a 
small swept volume which only deploy their full power at full charge air 
pressure, problems occur when cold starting in regions at relatively 
high altitude, since no charge air pressure is initially present. If such 
an engine is started at an altitude of for example 3000 m above sea 
level and at -15 °C, pre-heating devices known today are not sufficient 
unless the engine is brought up to operating temperature by the coolant 
temperature by means of a complex auxiliary heating system. For 
reasons of cost, complete pre-heating, which also includes the drive 
unit, is only used in arctic applications. 

[0012] Proceeding from the abovementioned prior art, it is the object 
of the invention to improve the effect of existing cold start devices by 
means of improved actuation. 

[0013] This object is achieved by a method having the claimed 
features. Further advantageous embodiments of the invention are 
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defined in dependent claims and apparent from the description of the 
figures. 

[0014] The invention succeeds primarily by means of variable power 
adaptation of the heating flange to the prevailing ambient conditions. 
The preglow phase is divided here into three phases, namely into one 
phase at full current, one post-heating phase and one start-readiness 
phase. In the post-heating phase, the heating elements of the heating 
flange are operated in such a way that the heating flange is kept at a 
reference temperature. In the post-heating phase, a heat cushion is 
produced for the start process. After the two first preglow phases, the 
glow monitoring lamp goes out and, by going out, signals readiness to 
start. The start-readiness phase then follows. In order to prevent the 
heating elements from cooling during the start-readiness phase, the 
heating elements are operated at a further reduced power during the 
start-readiness phase. If the engine has not been started after a 
predetermined start-readiness period has expired, the heating elements 
are switched off. 

[0015] During the start process, heating of the heating flange is 
interrupted for a short period but only until the first ignitions assist the 
running up of the engine to idling speed. As soon as the first ignitions 
begin, the starter is relieved of load and the vehicle electrical system 
energy which is available as a result of the relieving of load on the 

- 5 - 



095309.57284US 

starter is used again to heat the heating elements of the heating flange. 
By means of the advanced post-heating phase, the temperature of the 
intake air is prevented from cooling down in the event of the engine 
turning for a long period. 

[0016] The following advantages are achieved by means of the 
invention. 

[0017] The power-controlled preglow period is only one third of the 
length of the preglow period of conventional cold start methods. 

[0018] The afterglow is carried out according to the invention in a 
power-controlled manner as a function of the coolant temperature and 
the charge air temperature, the engine speed and the air mass. As a 
result, at an increased engine speed and an increased air flow rate in 
the afterglow phase, the electrical heating power can be adapted to the 
air flow rate so that the charge air temperature does not fall and the 
true running does not deteriorate even when the engine is cold. The 
diesel engine can be subjected to load earlier as a result of the 
adjustment of the heating power during the afterglow period. 

[0019] It was possible to considerably shorten the interruption of the 
heating power during the start process. The interruption of the heating 
power during the start process is now variably adjustable as the 
interruption is made dependent on the current engine speed. As a 
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result, it is possible to extend the afterglow phase further into the start- 
up phase as heating begins again when the first ignitions are indicated 
by an increase in the engine speed. The extent of post-heating is 
dependent here on the vehicle electrical system voltage. This advanced 
afterglow period gives better running up assistance to the diesel engine 
in reaching its idling speed and prevents the charge air temperature 
from falling in the event of a relatively long turnover period with the 
starter. 

[0020] The engine control unit is preferably used to actuate the 
heating flange. Information about the engine state (engine stationary, 
engine running, starter on, starter off), the engine speed, the coolant 
temperature, the charge air temperature, the charge air pressure, the 
calculated air mass and the vehicle electrical system voltage can 
constantly be called by means of the engine electronics. By means of 
correction methods implemented in the engine electronics, the rising or 
falling charge pressure which has different effects at different altitudes 
can therefore also be taken into account in the cold start method 
according to the invention. The electrical power can also be corrected at 
high altitudes so that the engine can utilize to an optimum degree the 
low oxygen content which is present there. After the heating bands 
have initially been supplied with full current during the preglow period 
and after a reference temperature has been reached, the heating bands 
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of the heating flange are kept at a constant operating temperature by 
means of reduced heating power. This conserves the battery and 
protects the heating bands from overloading. 

[0021] The cold start method according to the invention is suitable 
for engines having a swept volume of up to 16 liters per heating flange. 
In corresponding applications of control algorithms in engine 
electronics, the cold start method according to the invention can also be 
used for engines which operate with special fuels. These are, for 
example, engines which operate with kerosene, biodiesel, etc. 

[0022] The invention will be described in more detail with reference 
to the drawing figures. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

[0023] Figure 1 shows a basic profile of the vehicle electrical system 
voltage, the electrical power regulation, the charge air temperature, the 
engine speed and the actuation of the operating lamp as occurs in the 
cold start method according to the invention, and 

[0024] Figure 2 shows an internal combustion engine on which the 
cold start method of the invention can be used. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0025] During the preglow phase 1, 2, 3 between switching on the 
ignition and activation of the starter, the current supplied to the 
heating elements in the heating flange is variably controlled. During a 
first time period 1, the heating element is initially supplied with full 
current until the heating flange reaches a reference temperature. After 
the reference temperature has been reached, a post-heating phase 2 and 
a start-readiness phase 3 begin in which the heating power is controlled 
in such a way that the heating flange is kept at a constant temperature. 
The profile of the vehicle electrical system voltage shows a sharp drop 
during the supply of full current 1 but recovers markedly during the 
post-heating phase 2 and the start-readiness phase 3. During the 
preglow phase, no charge air is yet taken in and the engine is not yet 
turning. The start-up phase begins when the starter of the internal 
combustion engine is activated. In a first time period 4a of the start-up 
phase, the speed of the internal combustion engine is determined 
exclusively by the speed of the starter. During this first phase of the 
start process, the engine speed therefore remains at the constant level 
of the speed effected by the starter. During this operating state, the 
heating power is interrupted such that as much energy is available as 
possible for the starter from the vehicle electrical system. The intake 
charge air is heated by the heated heating flange. A heat cushion was 
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produced in the intake pipe of the internal combustion engine in the 
post-heating phase 2 so that in spite of the heating power being 
switched off, the intake charge air can be heated over a time period 
corresponding to the heat reservoir generated. As soon as the first 
ignitions of the internal combustion engine begin, these first ignitions 
assist the running up of the engine. In this second time period 4b of the 
start-up phase, the starter is progressively relieved of loading as the 
effectiveness of the ignitions which are beginning increases. The now 
relatively low current consumption of the starter brings about an 
increase in the vehicle electrical system voltage. This energy which is 
now available to the vehicle electrical system again can be used during 
the second time period 4b for the heating of the heating flange which is 
now recommencing. As a result, the running up of the internal 
combustion engine can be assisted during the second time period 4b 
from the first commencement of ignitions up to its idling speed as the 
intake charge air can be kept at as constant a temperature as possible 
even in the event of a relatively long turnover period of the starter by 
means of the heating of the heating flange which is recommencing. 

[0026] The afterglow phase 5 begins after the idling speed is 
reached. In this phase, the internal combustion engine runs under its 
own power and heats up rapidly. As the heating of the coolant of the 
internal combustion engine increases, the heating power of the heating 



- 10 - 



095309.57284US 

flange can be reduced progressively more in this afterglow phase. As a 
result, the vehicle electrical system voltage increases gradually. Should 
power be demanded of the internal combustion engine in this afterglow 
phase before the engine has reached the intended operating 
temperature, the intake charge air can thus, by means of the method 
according to the invention, be kept at a constant temperature by means 
of intensified additional heating during an increase in speed 6 of the 
internal combustion engine. The cold running phase ends as soon as 
the internal combustion engine or the coolant in the internal 
combustion engine has reached an intended operating temperature. 
The heating flange is then switched off. 

[0027] Figure 2 shows a basic illustration of a typical internal 
combustion engine as is known per se. The cold start method according 
to the invention can be used on an internal combustion engine of this 
type. An internal combustion engine, in particular a diesel engine 8 
having, for example, three combustion cylinders 9, takes in its air by 
means of an intake pipe 10. A heating flange 11 having heating 
elements 12 which project into the intake pipe 10 is arranged in the 
intake pipe 10. The power control and the supply of current to the 
heating elements is undertaken by a control unit, in particular an 
engine control unit, 13. In order to regulate the temperature level of 
the intake charge air, the control unit 13 receives input from a 
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temperature sensor 14 which measures the air temperature in the 
intake pipe downstream of the heating elements but before entry into 
the combustion cylinders. The starting process is initiated by the 
control unit 13 by activating a starter 15. The pinion of the starter 15 
engages here in a gear wheel in a non-positive manner and in a manner 
known per se. The gear wheel is in turn connected in a non-positive 
manner to the crankshaft 16 of the internal combustion engine and 
turns the crankshaft when the starter is activated. The cold start 
method according to the invention can advantageously be used on an 
internal combustion engine of this type. 
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